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(57)  The  object  of  the  present  invention  is  to 
provide  a  fabrication  method  of  fine  structures 
which  have  few  carrier  trap  centers  and  light 
absorption  levels  and  find  applications  in  quan- 
tum  wires  and  quantum  boxes  having  arbitrary 
configurations  at  least  within  a  two-dimensional 
plane. 

The  fabrication  method  comprises  the  steps 
of  having  a  sharp  tip  held  in  close  proximity  to 
the  surface  of  a  substrate  1  and  having  a  metal 
constituting  the  tip  evaporated  thereof  or  hav- 
ing  a  metal  contained  in  ambient  vapor  or 
solution  decomposed  by  a  tunnel  current  or  the 
like  for  deposition  of  said  metal  locally  on  the 
substrate  surface  and  then  having  a  finely  struc- 
tured  crystal  grown  on  said  locally  deposited 
region  by  means  of  a  vapor  phase-liquid 
phase-solid  phase  reaction. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  fabrication 
method  of  fine  structures  to  be  used  in  quantum  ef- 
fect  devices  or  the  like. 

When  the  structure  of  a  material  become  finer 
than  the  phase  coherent  length  of  electrons  in  the 
material,  more  specifically  than  the  magnitude  of 
about  100  nm  to  several  urn  in  case  of  a  semiconduc- 
tor,  the  behavior  of  the  electrons  in  the  material  will 
start  to  show  the  electron  wave  interference  effects 
that  cannot  be  observed  with  the  electrons  in  a  bulk 
material. 
In  other  words,  as  the  structure  of  the  material  be- 
comes  finer  than  the  de  Broglie  wave  length  (several 
tens  nm),  various  accompanying  effects  such  as  the 
tunnel  effect,  the  effect  due  to  quantum  level  forma- 
tion,  the  effect  due  to  mini-zone  formation  or  the  like 
will  be  showing  up  with  the  electrons  of  the  material. 
These  effects  are  generally  referred  to  as  the  quan- 
tum  effects. 

In  recent  years,  studies  have  been  made  to  real- 
ize  devices  by  making  use  of  these  effects. 
As  a  result,  use  of  a  film  formation  technique  of  atomic 
scale  such  as  the  molecule  beam  epitaxial  growth 
method  or  the  like  has  so  far  been  materialized  in  cre- 
ation  of  a  good  semiconductor  superlattice  structure 
and  a  modulation  dope  structure,  leading  to  realiza- 
tion  of  HEMT,  HBT,  MQW  lasers  or  the  like. 
All  of  these  are  made  from  the  fine  structures  wherein 
freedom  of  electrons  in  the  stacking  direction  of  the 
semiconductor  layer  is  restricted. 
On  the  other  hand,  various  studies  have  been  con- 
ducted  to  realize  super  high  speed  transistors,  super 
low  threshold  lasers  or  the  like,  wherein  such  effects 
as  a  scatter  vanishing  effect  of  electrons,  an  effect  re- 
flecting  electron's  discrete  density  of  states  or  the 
like,  e.g.,  the  effects  due  to  so  called  two-dimensional 
electron  system  and  three  dimensional  electron  sys- 
tem  are  utilized  through  creation  of  a  quantum  wire  or 
a  quantum  box  to  enhance  the  dimension  of  the  re- 
striction  imposed  to  the  freedom  of  electrons  to  a  two- 
dimensional  or  three-dimensional  level. 

There  have  been  so  far  devised  a  variety  of  meth- 
ods  of  making  a  quantum  wire  or  a  quantum  box  in- 
cluding  1)a  method  to  form  a  potential  barrier  by  eith- 
er  removing  or  making  mixed  crystal  of  a  portion  of 
the  superlattice  structure  by  means  of  focused  ion 
beam  or  the  like  after  formation  of  a  superlattice 
structure,  2)a  method  of  half  atom  alternate  epitaxy 
applied  on  an  off-orientation  substrate  and  3)a  meth- 
od  making  use  of  crystal  orientation  dependence  in 
crystal  growth  speed  as  observed  in  facet  growth  and 
in  crystal  growth  inside  channels  formed  on  a  sub- 
strate. 

However,  the  prior  art  method  1)  to  form  a  poten- 
tial  barrier  by  either  removing  or  making  mixed  crystal 
of  a  portion  of  the  superlattice  structure  by  means  of 

focused  ion  beam  or  the  like  after  formation  of  the  su- 
perlattice  structure  had  the  problems  that  the  inter- 
face  steepness  was  not  sufficient  due  to  the  mutual 
diffusion  of  the  constituting  atoms  and  the  carriertrap 

5  center  density  in  the  interface  became  large  on  ac- 
count  of  lattice  defects  or  the  like  caused  during  proc- 
essing.  Particularly,  with  an  optical  device  or  the  like 
wherein  the  reversed  layer  of  the  interface  cannot  be 
used  as  in  the  case  of  an  electron  device  using  single 

10  carriers,  a  good  quantum  structure  was  not  able  to  be 
formed. 
On  the  other  hand,  the  prior  art  methods  of  2)  using 
half  atom  alternate  epitaxy  on  the  off-orientation  sub- 
strate  and  3)  making  use  of  methods  such  as  facet 

15  growth  and  crystal  growth  inside  the  channels  or  the 
like  showed  good  crystallization  in  the  interface  of 
fine  structure  when  compared  with  1)  but  the  fact  that 
structures  of  arbitrary  configurations  could  not  be  ob- 
tained  due  to  the  restrictions  imposed  by  the  crystal- 

20  line  direction  of  the  substrate  was  the  problem. 

SUMMARY  OF  THE  INVENTION 

The  object  of  the  present  invention  is  to  provide 
25  a  fabrication  method  of  fine  structures  wherein  the 

carriertrap  center  density,  the  optical  absorption  lev- 
el  or  the  like  are  small. 

The  method  comprises  the  steps  of: 
having  a  sharp  electro-conducting  tip  comprised  of 

30  metal  which  is  in  an  eutectic  phase  equilibrium  with  a 
material  of  a  substrate  held  in  close  proximity  with  the 
surface  of  the  foregoing  substrate; 
having  a  specified  electric  field  applied  across  the 
foregoing  tip  and  the  substrate  surface  in  vacuum  or 

35  in  air; 
having  the  element  constituting  the  foregoing  tip 
evaporated  from  the  tip  and  deposited  locally  on  the 
substrate  surface  opposite  thereto; 
then 

40  having  an  alloy  liquid  drop  region  formed  on  the  place 
where  the  foregoing  metal  deposit  is  situated 
by  setting  the  temperature  of  said  substrate  surface 
above  the  eutectic  temperature  of  the  foregoing  metal 
and  the  substrate  material  and  also  below  the  melting 

45  points  of  the  foregoing  metal  and  the  substrate  mate- 
rial,  respectively; 
and 
having  a  crystal  deposited  locally  on  the  foregoing 
substrate  surface  at  a  place  where  said  metal  alloy  liq- 

50  uid  drop  region  is  situated  by  means  of  a  vapor  phase- 
liquid  phase-solid  phase  (VLS)  reaction. 

According  to  this  method,  the  element  constitut- 
ing  the  tip  is  evaporated  thereof  and  deposited  on  the 
substrate  opposite  thereto. 

55  When  the  substrate  with  said  metal  deposited  locally 
is  kept  at  the  temperature  set  as  in  the  foregoing,  a 
state  wherein  said  metal  and  the  substrate  material 
are  alloyed  and  melted,  e.g.,  a  metal  alloy  liquid-drop 
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region  will  be  created  locally  only  at  the  place  where 
the  metal  was  separated  as  a  crystal. 
In  the  next,  the  gaseous  atoms  in  ambient  will  be  cap- 
tured  by  the  foregoing  metal  alloy  liquid  drop  region 
on  account  of  a  VLS  reaction  and  diffused  into  said 
metal  alloy  liquid  drop  and  subsequently  separated  on 
the  substrate. 
As  a  result,  it  will  become  possible  to  obtain  a  fine 
structure  of  an  arbitrary  configuration  with  excellent 
crystallization  for  applications  in  quantum  effect  de- 
vices  or  the  like. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1(a)  is  a  perspective  view  of  micro  mounds 
formed  on  a  substrate  according  to  the  fabrication 
method  of  fine  structures  described  in  Example  1  of 
the  present  invention's  embodiments. 
Fig.  1(b)  is  a  perspective  view  of  fine  structures  of 
needle  like  crystals  successively  grown  on  the  micro 
mounds  of  Fig.  1(a). 
Fig.  2  is  a  perspective  view  of  a  wall  like  fine  structure 
formed  on  a  substrate  as  an  application  of  the  exam- 
ple  described  in  Fig.  1. 
Fig.  3  is  a  perspective  view  of  the  pn  junction  type  fine 
structure  formed  on  a  substrate  according  to  the  fab- 
rication  method  of  fine  structures  described  in  Exam- 
ple  2  of  the  present  invention's  embodiments. 
Fig.  4  is  a  schematic  cross-sectional  illustration  of  a 
needle  like  fine  structure  comprised  of  three  regions 
and  formed  on  a  substrate  according  to  the  fabrica- 
tion  method  of  fine  structures  described  in  Example 
4  of  the  present  invention's  embodiments. 
Fig.  5  is  a  perspective  view  of  a  fine  structure  for  a 
quantum  wire  formed  on  a  substrate  according  to  the 
fabrication  method  of  fine  structures  described  in  Ex- 
ample  5  of  the  present  invention's  embodiments. 
Fig.  6  is  a  perspective  view  of  a  fine  structure  formed 
on  a  substrate  in  an  angle  of  54.7°  to  the  substrate  in 
accordance  with  the  fabrication  method  of  fine  struc- 
tures  described  in  Example  6  of  the  present  inven- 
tion's  embodiments. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

One  embodiment  example  of  the  present  inven- 
tion  relative  to  a  fabrication  method  of  fine  structures 
will  be  described  in  Example  1  as  follows: 
A  gold  tip  with  a  curvature  radius  not  exceeding  sev- 
eral  hundreds  nm  was  held  in  a  position  opposite  to 
the  surface  of  a  substrate. 
The  tip  was  prepared  from  0.1  to  1  mm  diameter  gold 
wire  by  electrolytic  etching  in  hydrochloric  acid.  The 
tip  could  have  been  prepared  by  means  of  mechanical 
cutting  and  polishing. 
The  substrate  was  made  from  a  doped  silicon  single 
crystal  having  a  flat  surface  with  (111)  oriented  facets 
and  specific  resistance  not  exceeding  1  kn-cm  ap- 

prox.  The  magnitude  of  the  specific  resistance  should 
be  decided  in  such  a  way  as  to  pass  tunnel  current  for 
observation  or  processing  by  means  of  a  scanning 

5  tunneling  microscope  like  equipment  which  will  be  de- 
scribed  later. 

The  set-up  and  the  driving  mechanism  of  the 
processing  equipment  as  was  used  in  the  present  in- 
vention's  embodiment  examples  were  the  same  ones 

10  as  employed  with  a  typical  scanning  tunneling  micro- 
scope  (STM),  wherein  the  movement  of  the  tip  can  be 
controlled  freely  and  very  finely  with  micron  scale  in 
the  vertical  direction  and  in  the  horizontal  direction  as 
well  by  means  of  a  piezo  driving  mechanism. 

15  This  equipment  is  also  provided  with  capability  of 
controlling  by  feedback  the  vertical  piezo  driving 
mechanism  through  detecting  the  tunnel  current  that 
flows  when  the  tip  was  brought  to  close  proximity  to 
the  substrate  and  a  specified  voltage  was  applied. 

20  First,  the  place  wherein  features  are  to  be  written  was 
observed  by  means  of  this  equipment  under  the  STM 
observation  mode.  The  tip's  bias  potential  Vt  was  set 
to  around  2  V  against  the  substrate  and  the  tunnel 
current  ltthatflows  between  the  tip  and  the  substrate 

25  was  set  to  around  0.5  nA  for  observation  under  the 
constant  current  mode.  Then,  the  tip's  surface  scan- 
ning  was  suspended  there  and  a  pulse  voltage  having 
typically  Vt  :  3  to  1  0  V  approx.  and  a  duty  time  t  =  sev- 
eral  n  sec  to  several  hundreds  m  sec  approx.  was  ap- 

30  plied.  The  tip  was  then  moved  in  the  X-axis  direction 
by  50  nm  and  the  same  pulse  voltage  as  above  was 
applied  in  the  same  manner  as  in  the  foregoing:  This 
process  associated  with  the  X-axis  direction  was  re- 
peated  10  times.  Also,  the  same  process  now  taking 

35  place  in  the  Y-axis  direction  was  repeated  10  times. 
As  a  result,  one  hundred  (10  X  10  =  100)  feature 
points  were  created  in  a  matrix  form  within  an  area  of 
450  nm  by  450  nm.  When  this  area  was  scanned 
again  according  to  the  observation  mode  afterwards, 

40  it  was  confirmed  that  a  mound  measuring  several  nm 
to  several  tens  nm  in  diameter  and  several  one  tenths 
nm  to  several  nm  in  height  had  been  formed  on  each 
position  of  the  feature  points. 
Such  mounds  created  in  this  way  are  illustrated  in  Fig. 

45  1(a),  wherein  item  1  is  a  silicon  single  crystal  sub- 
strate,  item  2  is  the  substrate  surface  and  item  3  is  a 
micro  mound. 
In  the  present  example,  the  pulse  voltage  was  applied 
in  such  a  way  as  the  tip  side  takes  on  a  positive  bias, 

so  but  the  same  result  was  obtained  even  when  the  po- 
larity  was  reversed.  Also,  almost  the  same  result  was 
obtained  even  when  the  whole  process  was  per- 
formed  in  air. 
These  mounds  are  considered  to  have  been  formed 

55  on  the  opposing  substrate  surface  by  deposition  of 
the  gold  atoms  either  evaporated  from  the  tip  by  ion- 
ization  on  account  of  an  electric  field  generated 
across  the  nm  order  distance  between  the  tip  and  the 
substrate  and  reaching  as  high  as  1  06  to  1  07  V/cm  or 

3 
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evaporated  from  the  tip  when  its  temperature  was  lo- 
cally  increased. 
In  connection  with  the  applied  pulse  voltage  for  cre- 
ating  the  mounds,  there  observed  was  an  threshold 
voltage  Vth,  which  ranged  from  3  to  5  V  in  the  pres- 
ent  example. 
The  suitable  voltage  Vt  for  this  process  should  be  of 
the  magnitude  whereby  gold  is  evaporated  from  the 
tip  and  silicon  is  hardly  evaporated  from  the  sub- 
strate. 
In  this  case,  gold  was  deposited  on  the  substrate  sur- 
face  equally  well  in  vapor  under  an  arbitrary  pressure 
as  was  in  vacuum. 

In  the  next,  a  VLS  reaction  was  caused  to  take 
place  on  the  foregoing  substrate  surface. 
The  process  comprised  the  specific  steps  as  in  the 
following: 
The  substrate  with  the  mounds  formed  thereupon 
was  set  up  in  an  open  tube  CVD  apparatus  and  the 
substrate  temperature  was  elevated  above  the  eutec- 
tic  temperature  in  general  of  the  foregoing  system  and 
just  below  the  gold's  melting  point  in  general.  Typical- 
ly,  the  substrate  temperature  was  set  between  50  °C 
and  1000  °C. 
Under  this  condition,  each  of  the  mound  portions  of 
the  substrate  presented  itself  locally  as  a  liquid  drop 
like  state  wherein  the  silicon  substrate  and  the  gold 
are  melted  to  make  an  alloy. 

Atthis  stage,  a  mixed  vapor  comprised  of  purified 
hydrogen  and  SiCI4  mixed  according  to  a  specified 
molar  fraction  was  introduced  to  supply  silicon  by  a  re- 
ductive  reaction  (hydrogen  reduction  method)  with  re- 
sulting  growth  in  the  vertical  direction  of  a  needle  like 
silicon  crystal  4  only  at  the  place  where  the  foregoing 
liquid  drop  was  situated  on  the  silicon  substrate  1  as 
illustrated  in  Fig.  1(b). 
Besides,  some  alloy  liquid  drop  5  remained  as  a  resi- 
due  on  the  tip  of  the  needle  like  crystal. 
The  mechanism  of  the  foregoing  crystal  growth  is  un- 
derstood  as  in  the  following: 
Silicon  was  hardly  separated  and  deposited  on  the  sil- 
icon  substrate  1  from  the  foregoing  mixed  vapor  but 
was  efficiently  taken  into  the  alloy  liquid  drops  5. 
The  captured  silicon  elements  were  diffused  in  the  al- 
loy  liquid  drops  5  and  separated  successively  on  the 
foundation  of  the  silicon  substrate  surface  1. 
In  other  words,  the  silicon  needle  like  crystals  4  were 
epitaxially  grown  only  at  limited  places  of  the  founding 
substrate. 
The  growth  mechanism  in  the  foregoing  is  considered 
as  in  the  following: 
The  silicon  atoms  in  the  foregoing  mixed  vapor  hit  the 
substrate  surface  and  the  foregoing  alloy  liquid  drop 
region  at  the  same  rate  per  unit  area  and  unit  time  but 
the  ratio  of  the  atoms  that  were  condensed  and  con- 
tributing  to  the  crystal  growth  (hereafter  referred  to  as 
accommodation  coefficient)  was  quite  different  be- 
tween  the  two. 

On  the  solid  substrate  surface  where  the  extent  of  su- 
per-saturation  of  the  exposed  mixed  vapor  is  small, 
the  system's  temperature  is  low  or  there  is  little  step 

5  orabsorbed  substance  that  contributes  to  core  forma- 
tion  on  the  substrate  surface  resulting  in  high  thor- 
oughness  of  the  crystal  surfaces,  its  accommodation 
coefficient  will  be  small.  In  contrast,  with  the  liquid 
surface  which  has  very  many  concavities  and  con- 

10  vexities  when  observe  microscopically  and  capability 
of  capturing  many  atoms,  the  accommodation  coeffi- 
cient  will  be  close  to  1  . 
Therefore,  the  silicon  atoms  in  the  mixed  vapor  will  be 
taken  into  the  alloy  liquid  drop  regions  predominantly. 

15  The  captured  atoms  are  diffused  in  the  liquid  drops 
and  separated  as  a  crystal  at  the  boundary  with  the 
founding  substrate. 
Accordingly,  the  crystal  will  be  epitaxially  grown  at 
limited  places  of  the  founding  substrate. 

20  Besides,  the  segregation  coefficient  of  gold  in 
the  silicon  crystal  does  not  exceed  10"4  and  gold  is 
hardly  taken  into  the  growing  needle  like  crystal  4. 
Therefore,  even  while  the  growth  is  in  progress,  the 
alloy  liquid  drop  5  will  always  stay  remained  on  the  top 

25  portion  of  the  growing  crystal  keeping  the  present 
growth  mechanism  intact. 
In  this  way,  on  the  silicon  substrate  1,  there  have 
been  grown  a  plurality  of  the  needle  like  crystals  4, 
each  comprised  of  a  silicon  single  crystal  measuring 

30  several  nm  to  several  tens  nm  in  diameter  with  its 
cross-sectional  area  being  almost  equal  to  the  area  of 
the  alloy  liquid  drop  5  marked  as  a  feature  on  the  sub- 
strate  surface. 

SiCI4  was  used  as  the  source  of  silicon  in  the 
35  present  example,  but  additionally  the  hydrogen  re- 

duction  method  employing  SiHCI3  or  SiH3CI  can  be 
equally  well  used. 
Also,  the  thermal  decomposition  CVD  method  of  SiH4 
can  be  used. 

40  Further,  plasma  or  ECR  can  also  be  utilized  in  vapor 
decomposition. 

In  place  of  gold,  silver  was  used  to  make  the  tip 
in  the  same  way  and  equally  good  results  were  ob- 
tained  when  compared  with  the  case  where  gold  was 

45  used. 
With  a  specified  voltage  Vt  of  several  volts  applied  for 
a  specified  period  t,  micro  mounds  of  silver  were  able 
to  be  formed  on  the  silicon  substrate. 
Then,  the  silicon  substrate  with  a  group  of  mounds 

so  formed  thereupon  was  set  up  in  an  open  tube  CVD 
apparatus  and  the  silicon  substrate  temperature  was 
set  to  typically  a  temperature  somewhere  between  50 
°C  and  900  °C  and  a  mixed  vapor  comprised  of  puri- 
fied  hydrogen  and  SiCI4  with  a  specified  molar  frac- 

55  tion  was  introduced  into  the  apparatus. 
As  a  result,  needle  like  crystals  were  grown  in  the  di- 
rection  perpendicular  to  the  substrate  in  the  same 
manner  as  was  observed  with  the  case  wherein  gold 
liquid  drops  were  used.  Each  of  the  needle  like  crys- 
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tals  showed  a  configuration  tapering  more  down  to 
the  point  when  compared  with  the  case  wherein  gold 
liquid  drops  were  used. 

Besides  gold  and  silver,  other  metal  such  as  cop- 
per,  nickel,  iron  or  the  like  was  used  to  make  a  tip  and 
to  have  the  constituting  metal  evaporated  from  the  tip 
to  form  mounds  on  the  silicon  substrate.  By  having  sil- 
icon  grown  out  of  the  locally  situated  liquid  drops, 
needle  like  fine  structures  were  able  to  be  obtained  in 
the  same  way  as  described  in  the  foregoing  embodi- 
ment  example. 

With  the  fine  structures,  whether  as  is  or  coated 
further  over  their  exteriors  with  a  specified  material 
by  means  of  a  CVD  method  or  the  like  as  described 
later  in  another  embodiment  example,  carriers  within 
the  fine  structures  were  able  to  be  restricted  to  mov- 
ing  in  the  directions  within  the  horizontal  plane. 
With  the  needle  like  fine  structures,  each  having  a  di- 
ameter  not  exceeding  20  nm  or  so,  the  electron  state 
in  the  directions  within  the  horizontal  plane  was  quan- 
tumized  and  its  freedom  was  limited  to  existing  only 
in  the  directions  along  the  longer  axis  of  each  tip. 
Thus,  what  is  called  quantum  wire  structures  were 
created. 
These  fine  structures  were  grown  epitaxially  and  they 
were  of  a  good  single  crystal  structure,  wherein  very 
few  scattering  centers  or  non-radiative  recombination 
centers  of  carriers  caused  by  various  lattice  defects 
within  the  crystals  were  existent.  Therefore,  the  nee- 
dle  like  fine  structures  performed  as  the  excellent 
quantum  wires. 

With  the  present  example,  needle  like  silicon  epi- 
taxial  crystals  were  formed. 
In  contrast  to  this,  when  the  tip  was  moved  on  the 
substrate  surface  while  operated  under  the  specified 
conditions,  a  field  ridge  like  continuous  micro  mound 
of  metal  was  created  along  the  path  swept  out  by  the 
tip  and  when  the  foregoing  VLS  reaction  was  caused 
to  take  place  thereupon,  a  wall  like  fine  structure  of 
an  arbitrary  configuration  reflecting  the  foregoing 
path  was  created  as  shown  in  Fig.  2  as  an  example. 

In  the  next,  Example  2  of  the  present  invention's 
embodiments  will  be  described  with  the  help  of  Fig.  3 
in  the  following: 

The  substrate  1  was  made  from  an  n-type  low  re- 
sistance  silicon  single  crystal  having  a  flat  surface 
with  (111)  oriented  facets  and  mounds  measuring 
several  nm  to  several  tens  nm  in  diameter  were  cre- 
ated  by  means  of  a  gold  tip  according  to  the  same 
method  as  Example  1. 
Then,  the  substrate  with  a  group  of  mounds  formed 
thereupon  was  set  up  in  an  open  tube  CVD  apparatus 
and  the  substrate  temperature  was  elevated  to  a  tem- 
perature  somewhere  between  the  eutectic  tempera- 
ture  in  a  broader  sense  and  the  gold's  melting  point 
in  a  broader  sense  for  the  present  system  in  the  same 
way  as  Example  1. 
Here,  what  is  meant  by  the  melting  point  or  the  eutec- 

tic  temperature  in  a  broader  sense  is  as  follows: 
When  the  metal  and  the  substrate  material  in  the  fore- 
going  are  both  in  a  bulk  form,  their  melting  points  and 

5  eutectic  temperatures  will  show  the  values  which  are 
generally  indicated  on  the  equilibrium  phase  diagram. 
However,  the  state  which  is  involved  with  the  present 
invention  is  the  case  wherein  the  volume  of  the  afore- 
mentioned  metal  separated  is  very  small  and  the  met- 

ro  al  alloy  starts  to  melt  even  at  a  temperature  lower  t  han 
the  eutectic  temperature  of  that  in  a  bulk  form.  With 
a  simple  metal,  its  melting  point  is  lowered. 
The  melting  point  and  the  eutectic  temperature  as  re- 
ferred  to  in  the  present  invention  should  be  under- 

15  stood  to  be  in  a  broader  sense  and  inclusive  of  those 
in  such  a  micro  system  as  mentioned  above. 

In  the  next,  a  mixed  vapor  comprised  of  purified 
hydrogen,  SiCI4  and  a  very  small  amount  of  PCI3  ac- 
cording  to  a  specified  molar  fraction  was  introduced. 

20  On  account  of  a  reductive  reaction,  silicon  and  a  very 
small  amount  of  phosphor  were  supplied  and  an  n-ty- 
pe  silicon  crystal  7  doped  with  a  very  small  amount 
of  phosphor  was  grown  at  the  place,  where  the  metal 
alloy  liquid  drop  5  was  situated,  in  the  direction  per- 

25  pendicular  to  the  substrate  with  a  needle  like  config- 
uration  having  almost  the  same  cross-sectional  area 
as  the  metal  alloy  liquid  drop  5. 
The  kind  of  the  mixed  vapor  was  changed  when  the 
crystal  growth  reached  a  suitable  height  by  introduc- 

30  ing  a  mixed  vapor  comprised  of  hydrogen,  SiCI4  and 
a  very  small  amount  of  BBr3  according  to  a  specified 
molar  fraction. 
On  account  of  a  reductive  reaction,  silicon  and  a  very 
small  amount  of  boron  were  supplied  and  now  a  p-ty- 

35  pe  silicon  crystal  7  doped  with  boron  was  grown  con- 
tinuously  on  the  n-type  needle  like  crystal  7  with  a  re- 
sultant  creation  of  a  needle  like  fine  structure  9,  typ- 
ically  measuring  several  nm  to  several  tens  nm  in  di- 
ameter  and  several  nm  to  several  tens  urn  in  length, 

40  without  much  difficulty. 
The  obtained  needle  like  fine  structure  9  was 

molded  by  insulating  glass  for  protection  and  electro- 
des  were  formed  on  the  upper  most  surface  and  the 
bottom  surface  of  the  substrate.  When  a  voltage  was 

45  applied  across  the  both  electrodes,  excellent  diode 
characteristics  were  presented. 

Example  3  of  the  present  invention's  embodiment 
will  be  described  in  the  following: 
Although  silicon  was  used  as  the  founding  substrate 

so  in  the  foregoing  Example  1  and  Example  2,  other  ma- 
terials  can  also  be  used  when  the  conditions  as  de- 
scribed  later  are  satisfied. 

First,  the  case  wherein  a  germanium  single  crys- 
tal  was  used  as  the  founding  substrate  will  be  descri- 

55  bed. 
The  substrate  was  made  from  a  doped  germanium 
single  crystal  having  a  flat  surface  with  (111)  oriented 
facets  and  specific  resistance  not  exceeding  1  kn-cm 
approx. 

5 
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Agold  tip  was  held  in  vacuum  in  opposition  to  the  ger- 
manium  substrate  surface  and  a  pulse  voltage  of  Vt  = 
3  to  10  V  and  application  period  t  =  several  n  sec  to 
several  hundreds  m  sec  was  applied  in  the  same  was 
as  was  in  Example  1. 
Then,  micro  mounds  of  gold  measuring  approximately 
several  nm  to  several  tens  nm  in  diameter  and  several 
one  tenths  nm  to  several  nm  in  height  were  formed. 
Although  a  pulse  voltage  to  make  the  tip  side  to  be  of 
positive  bias  was  applied  in  the  present  example,  the 
same  results  were  obtained  even  when  the  polarity 
was  changed.  Besides,  almost  the  same  results  were 
obtained  even  when  the  processing  was  conducted  in 
air. 
In  the  next,  the  substrate  with  the  mounds  formed 
thereupon  was  set  up  in  an  open  tube  CVD  apparatus 
and  the  substrate  temperature  was  elevated  to  a  tem- 
perature  somewhere  between  the  present  system's 
eutectic  temperature  in  a  broader  sense  as  described 
in  the  foregoing  and  the  germanium's  melting  point  in 
a  broader  sense,  typically  between  50  °Cand  900  °C. 
Here,  a  mixed  vapor  comprised  of  purified  hydrogen 
and  GeCI4  prepared  according  to  a  specified  molar 
fraction  and  then,  in  the  same  way  as  was  in  Example 
1  ,  a  needle  like  germanium  crystal  measuring  approx- 
imately  several  nm  to  several  tens  nm  in  diameter  and 
having  almost  the  same  cross-sectional  area  as  the 
metal  alloy  liquid  drop  region  marked  on  the  substrate 
was  grown  in  the  direction  perpendicular  to  the  sub- 
strate  surface. 

Now,  an  embodiment  example  wherein  a  com- 
pound  semiconductor  was  employed  as  the  founding 
substrate  will  be  described.  The  substrate  was  made 
from  a  doped  GaAs  single  crystal  having  a  flat  sur- 
face  with  (111)B  oriented  facets  and  specific  resis- 
tance  not  exceeding  1  kn-cm  approx. 
Agold  tip  was  held  in  vacuum  in  opposition  to  the  ger- 
manium  substrate  surface  and  a  specified  pulse  vol- 
tage  was  applied  in  the  same  was  as  was  in  Example 
1  and  then  micro  mounds  of  gold  measuring  approx- 
imately  several  nm  to  several  tens  nm  in  diameter  and 
several  one  tenths  nm  to  several  nm  in  height  were 
formed  on  the  GaAs  substrate  surface. 
Although  a  pulse  voltage  to  make  the  tip  side  to  be  of 
positive  bias  was  applied  in  the  present  example,  the 
same  results  were  obtained  even  when  the  polarity 
was  changed.  Besides,  almost  the  same  results  were 
obtained  even  when  the  processing  was  conducted  in 
air. 
In  the  next,  the  substrate  with  the  mounds  formed 
thereupon  was  set  up  in  a  MOVPE  apparatus  and  the 
substrate  temperature  was  elevated  to  a  temperature 
somewhere  between  approximately  1  00  °C  and  550 
°C  by  means  of  a  high  frequency  heating  method. 
Here,  a  mixed  vapor  of  trimethylindium  and  hydrogen 
diluted  arsine  prepared  under  a  ceratain  specified 
pressure  and  according  to  a  specified  molar  fraction 
was  introduced  and  then,  in  the  same  way  as  was  in 

Example  1,  a  needle  like  InAs  crystal  measuring  ap- 
proximately  several  nm  to  several  tens  nm  in  diameter 
and  having  almost  the  same  cross-sectional  area  as 

5  the  metal  alloy  liquid  drop  region  marked  on  the  sub- 
strate  was  grown  in  the  direction  perpendicular  to  the 
substrate  surface. 
The  grown  crystal  was  a  single  crystal  of  good  qual- 
ity. 

10  Particularly,  a  good  result  in  terms  of  selective 
growth  was  obtained  under  the  growth  temperature 
not  exceeding  500  °C.  In  the  foregoing  embodiment 
example,  the  needle  like  InAs  crystal  was  heteroepi- 
taxially  grown  on  the  GaAs  substrate  but  also  a  GaAs 

15  micro  needle  like  crystal  was  able  to  be  formed  hom- 
oepitaxially  on  the  GaAs  substrate  according  to  the 
same  method. 
Also,  other  two-element  or  multi-element  system 
compound  semiconductors  of  the  lll-V  group  or  ll-VI 

20  group,  such  as  GaP  or  the  like,  for  example,  were  able 
to  be  grown  to  a  micro  needle  like  crystal  according 
to  the  same  method.  Not  only  GaAs  but  also  other 
two-element  or  multi-element  system  compound 
semiconductors  of  the  lll-V  group,  ll-VI  group,  IV-IV 

25  group  orthe  like  were  able  to  be  used  as  the  substrate 
material,  too. 
Besides,  the  extremely  fine  structures  were  able  to 
be  formed  between  single  atoms  or  compound  sem- 
iconductors  of  different  groups  by  heteroepitaxial 

30  growth  as  indicated  by  growth  of  a  CaAs  micro  needle 
like  crystal  on  a  Si  substrate  surface,  for  example. 

Example  4  of  the  present  invention's  embodiment 
will  be  described  with  the  help  of  Fig.  4  in  the  follow- 
ing: 

35  As  the  founding  substrate  was  used  a  p-type  GaAs 
single  crystal  substrate  10  having  a  flat  surface  with 
(111)B  oriented  facets  and  low  resistance. 
In  the  same  way  as  performed  in  Example  1,  a  gold 
tip  was  held  over  the  GaAs  substrate  in  opposition  to 

40  the  substrate  surface  and  a  specified  pulse  voltage 
was  applied  to  form  a  micro  mound  of  gold  measuring 
approximately  several  nm  to  several  tens  nm  in  diam- 
eter  and  several  one  tenths  nm  to  several  nm. 
Then,  the  substrate  was  set  up  in  a  MOVPE  appara- 

45  tus  and  the  substrate  temperature  was  elevated  to  a 
temperature  approximately  between  100  °C  and  550 
°C  by  means  of  a  high  frequency  heating  method. 
Here,  a  mixed  vapor  of  trimethylaluminum,  trimethyl- 
gallium  and  hydrogen  diluted  arsine  further  added 

so  with  a  very  small  amount  of  diethylzinc  prepared  un- 
der  a  specified  pressure  and  according  to  a  specified 
molar  fraction  was  introduced  and  then,  in  the  same 
way  as  was  in  Example  1,  a  zinc  doped  p-type  AIGaAs 
needle  like  crystal  11  having  almost  the  same  cross- 

55  sectional  area  as  the  metal  alloy  liquid  drop  region 
marked  on  the  substrate  surface  and  measuring  sev- 
eral  nm  to  several  tens  nm  approx.  was  grown  in  the 
direction  perpendicular  to  the  substrate. 
At  the  stage  wherein  the  crystal  was  grown  to  a  suit- 
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able  height,  the  kind  of  the  mixed  vapor  was  changed 
to  a  mixed  vapor  of  trimethylgallium  and  hydrogen  di- 
luted  arsine  further  added  with  a  very  small  amount 
of  diethylzinc  prepared  under  a  specified  pressure 
and  according  to  a  specified  molar  fraction. 
Then,  a  p-type  GaAs  region  12  was  formed  continu- 
ously  on  the  foregoing  p-type  AIGaAs  needle  like 
crystal  11. 
Afterthis  GaAs  region  was  grown  to  a  suitable  length, 
the  vapor  was  again  changed  to  a  mixed  vapor  of  tri- 
methylaluminum,  trimethylgallium  and  hydrogen  di- 
luted  arsine  added  with  a  very  small  amount  of  hydro- 
gen  selenide  prepared  under  a  specified  pressure 
and  according  to  a  molar  fraction. 
As  a  result,  an  n-type  AIGaAs  region  doped  with  se- 
lenium  13  was  continuously  grown  halfway  on  the 
foregoing  needle  like  crystal. 
Accordingly,  a  needle  like  fine  structure  14  having  re- 
gions  of  differing  conduction  types  and  bandgaps, 
formed  on  a  p-type  GaAs  substrate  1  0  and  comprised 
of  p-type  AIGaAs/p-type  GaAs/n-type  AIGaAs  in  that 
order  and  measuring  approximately  several  nm  to 
several  tens  nm  in  diameter  and  several  nm  to  several 
tens  urn  in  length  was  obtained. 

The  obtained  double  hetero  type  needle  like  fine 
structure  14  was  molded  by  insulating  glass  15  for 
protection  and  then  a  Au/Ge/Ni  alloy  electrode  16  and 
a  Au/Zn  alloy  electrode  17  were  formed  on  the  upper 
most  surface  and  the  bottom  surface  of  the  substrate 
respectively. 
When  a  regular  bias  voltage  was  applied  across  the 
electrodes,  light  was  irradiated  efficiently. 

According  to  another  embodiment  example  of  the 
present  invention,  a  needle  like  fine  structure  com- 
prising  three  regions  of  AIGaAs/GaAs/AIGaAs 
formed  on  a  GaAs  substrate  in  that  order  as  shown 
in  Fig.  4,  for  example,  and  measuring  around  10  nm 
and  less  in  diameter  with  the  GaAs  region  not  exceed- 
ing  20  nm  approx.  in  length  was  able  to  be  fabricated 
by  the  same  method  as  the  foregoing. 
This  GaAs  region  measures  around  20  nm  and  less 
in  both  the  direction  within  the  horizontal  plane  and 
the  vertical  direction  and  the  electron  state  therein  is 
quantitized  in  three-dimensions  with  a  resultant  for- 
mation  of  the  so  called  quantum  box. 

As  Example  5  of  the  present  invention's  embodi- 
ment,  a  successful  formation  of  quantum  wire  orient- 
ed  in  the  direction  parallel  to  the  substrate  will  be  de- 
scribed  with  the  help  of  Fig.  5  in  the  following: 
The  founding  substrate  was  made  from  a  GaAs  single 
crystal  substrate  18  having  a  flat  surface  with  (111)B 
oriented  facets  and  low  resistance  and  thereupon 
was  formed  an  AIGaAs  buffer  layer  19  having  a  spe- 
cified  thickness. 
By  the  same  method  as  was  used  in  Example  1,  a 
gold  tip  was  held  over  the  substrate  surface  in  oppo- 
sition  thereto  and  moved  in  the  direction  parallel  to 
the  substrate  surface  while  a  pulse  voltage  was  ap- 

plied  repeatedly  with  a  specified  duty  cycle. 
Then,  on  the  substrate  surface  was  formed  a  micro 
ridge  of  gold  measuring  approximately  several  nm  to 

5  several  tens  nm  in  width  and  several  one  tenths  nm 
to  several  nm  in  height  was  created. 
Further  then,  this  substrate  was  set  up  in  a  MOVPE 
apparatus  and  the  substrate  temperature  was  elevat- 
ed  from  outside  to  a  temperature  approximately  be- 

10  tween  1  00  °C  and  550  °C  by  means  of  a  high  frequen- 
cy  heating  method. 
When  a  mixed  vapor  of  trimethylgallium  and  hydro- 
gen  diluted  arsine  prepared  under  a  specified  pres- 
sure  and  according  to  a  specified  molar  fraction  was 

15  introduced,  a  belt  like  structure  of  GaAs  20  having  the 
same  width  as  the  ridge  was  grown  at  the  same  place 
where  the  ridge  was  situated. 
When  the  height  of  the  ridge  was  grown  to  around  20 
nm  or  less,  the  kind  of  the  mixed  vapor  was  changed 

20  to  a  mixed  vapor  of  trimethylaluminum,  trimethylgal- 
lium  and  hydrogen  diluted  arsine  prepared  under  a 
specified  pressure  and  according  to  a  specified  molar 
fraction. 
Then,  an  AIGaAs  region  21  was  continuously  grown 

25  over  the  foregoing  GaAs  belt  like  fine  structure  20  af- 
ter  changing  halfway  with  a  resultant  formation  of  a 
layered  fine  structure  22  comprised  of  these. 
Afterthis,  the  crystal  forming  condition  was  altered. 
More  specifically,  the  conditions  were  changed  so  as 

30  to  make  the  crystal  epitaxially  grow  directly  from  the 
surface  of  the  founding  AIGaAs  buffer  layer  19  by 
having  the  substrate  temperature  elevated  to  around 
550  °C  and  more  or  the  like. 
Under  this  condition,  an  AIGaAs  coating  layer  23  was 

35  formed  all  over  to  a  specified  thickness. 
This  growth  mode  wherein  the  growth  process  was 
performed  all  over  the  regions  might  have  been  car- 
ried  out  by  means  of  a  molecular  beam  epitaxial 
growth  method  or  the  like. 

40  Accordingly,  a  GaAs  belt  like  fine  structure  20  with  its 
cross-section  measuring  around  20  nm  and  less  both 
longitudinally  and  laterally  and  with  its  four  sides  sur- 
rounded  by  an  AIGaAs  crystal  serving  as  a  potential 
barrier  was  completed. 

45  The  interfaces  existent  between  the  GaAs  belt  like 
fine  structure  20  and  the  surrounding  AIGaAs  crystal 
became  almost  heteroepitaxial  each  other  not  only  in 
the  horizontal  interface  but  also  in  the  vertical  inter- 
face. 

so  With  this  structure,  the  electron's  movement  freedom 
remained  only  in  the  x  axis  direction  and  the  electron 
state  in  the  y  axis  and  z  axis  directions  was  quantum- 
ized,  resulting  in  a  formation  of  a  quantum  wire  struc- 
ture. 

55  Since  the  present  fine  structure  was  made  from  a 
good  quality  single  crystal  that  was  grown  according 
to  the  epitaxial  mechanism  in  the  same  way  as  was 
employed  in  the  foregoing  embodiment  examples, 
the  crystal  had  very  few  scattering  centers  and  non- 
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radiative  recombination  centers  of  carriers  that  are 
caused  by  various  lattice  defects. 
Also,  the  interfaces  with  the  surrounding  AIGaAs 
crystals  are  excellent  and  the  interface  state  density 
is  small. 
Therefore,  this  will  serve  as  a  good  quantum  wire. 

Example  6  of  this  invention's  embodiment  will  be 
described  with  the  help  of  Fig.  6  in  the  following: 
With  the  foregoing  example,  the  crystal  orientation  of 
the  founding  substrate  wherein  the  growth  speed  of 
the  crystal  locally  grown  is  fastest  was  the  same  as 
the  facet  orientation  of  the  substrate  surface. 
In  that  case,  the  needle  like  or  wall  like  fine  structure 
was  grown  in  the  direction  perpendicular  to  the  sub- 
strate  surface. 
On  the  other  hand,  by  making  an  angle  between  the 
both,  it  will  become  possible  to  have  the  fine  structure 
grown  at  an  other  arbitrary  angle  than  a  right  angle 
to  the  substrate  surface.  Fig.  6  shows  such  a  case, 
wherein  a  GaAs  substrate  24  with  (011)  oriented  fac- 
ets  was  used. 
In  the  same  way  as  was  in  the  foregoing  examples, 
a  gold  tip  was  held  over  the  substrate  surface  in  op- 
position  thereto  and  moved  in  the  direction  of  [01  1  ] 
of  the  substrate  while  a  pulse  voltage  was  applied  at 
a  specified  duty  cycle.  Then,  a  micro  ridge  of  gold 
measuring  approximately  several  nm  to  several  tens 
nm  in  width  was  observed  to  have  been  created  on 
the  substrate  surface. 
As  the  next  step,  the  substrate  was  set  up  in  a 
MOVPE  apparatus  and  the  substrate  temperature 
was  elevated  to  a  temperature  adjusted  to  fall  be- 
tween  1  00  °C  and  550  °C  by  means  of  a  high  frequen- 
cy  heating  method.  Then,  a  mixed  vapor  of  trimethyl- 
gallium  and  hydrogen  diluted  arsine  prepared  under 
a  specified  pressure  and  according  to  a  specified  mo- 
lar  fraction  was  introduced. 
An  extremely  thin  GaAs  wall  like  structure  25  was 
grown  at  the  place  where  the  foregoing  ridge  was  sit- 
uated  and  the  wall  made  an  angle  of  54.7°  to  the  sub- 
strate  surface. 

Example  7  of  the  present  invention's  embodiment 
will  be  described  in  the  following: 
With  all  the  foregoing  embodiment  examples,  de- 
scriptions  were  made  on  a  method  of  having  a  metal 
element  itself  that  constitutes  a  tip,  evaporated  from 
the  tip  of  said  metal  and  deposited  on  a  substrate  to 
form  a  micro  mound  of  said  metal. 
On  the  other  hand,  according  to  the  present  embodi- 
ment  example,  a  sharp  tip  was  held  at  a  position  close 
and  opposite  to  a  substrate  in  a  vapor  containing  a 
specified  metal  element  and  a  tunnel  current  or  a  field 
emission  current  was  passed  across  said  tip  and  said 
substrate  with  resultant  decomposition  of  said  vapor 
and  formation  of  micro  mounds  on  the  substrate. 

More  specifically,  a  vapor  of  C5H5Pt(C3H5)  was 
introduced  to  a  chamber  and  its  pressure  was  set  to 
typically  5  X  10"6  to  760  Torr.  A  substrate  was  made 

from  a  low  resistance  silicon  single  crystal  with  a  flat 
surface  and  (111)  oriented  facets.  In  the  aforemen- 
tioned  chamber,  a  tungsten  tip  was  held  at  a  position 

5  close  and  opposite  to  the  silicon  substrate  and  a  pulse 
voltage  having  typically  a  sample  voltage  Vs  =  1  to  10 
V  approx.  and  an  applied  pulse  time  t  =  several  n  sec 
to  several  hundreds  m  sec  approx.  was  applied  at  a 
ceratain  specified  duty  cycle  with  resultant  formation 

10  of  a  micro  mound  measuring  several  nm  to  several 
hundreds  nm  in  diameter. 
This  micro  mound  was  considered  to  be  comprised  of 
Pt  which  was  deposited  after  decomposition  of  the 
foregoing  vapor  on  account  of  a  tunnel  current  or  a 

15  field  emission  current.  With  the  present  embodiment 
example,  the  pulse  voltage  was  applied  so  as  to  make 
the  sample  side  to  be  positive  biased  but,  even  when 
the  polarity  was  changed,  the  same  results  were  ob- 
tained. 

20  Then,  according  to  the  same  process  as  the  forego- 
ing,  a  needle  like  silicon  fine  structure  was  realized. 

The  organometallic  vapor  as  used  in  the  present 
example  can  be  other  Pt  containing  vapors  of  a  pre- 
scribed  specification  than  the  aforementioned 

25  C5H5Pt(C3H5)  and  also  can  be  different  organometal- 
lic  vapors  containing  Au,  Ag,  Cu,  Pd,  Ni  or  the  like. 
Also,  Pt,  Au  or  the  like  can  be  used  as  the  tip  in  place 
ofW. 
Besides,  the  present  embodiment  example  was  ef- 

30  fectively  applied  to  the  case  wherein  other  single  ele- 
ment  semiconductors  or  compound  semiconductors 
than  silicon  were  involved. 

Example  8  of  the  present  invention's  embodiment 
will  be  described  in  the  following: 

35  A  Ptlr  tip  and  a  silicon  (111)  substrate  were  placed  in 
a  diluted  solution  of  KAu(CN)2  and  the  tip  was  held  at 
a  position  close  the  substrate  while  a  negative  sample 
voltage  Vs  reading  typically  Vs  =  -1  to  -10  V  approx. 
was  applied  with  resultant  formation  of  a  micro 

40  mound  which  measured  several  nm  to  several  hun- 
dreds  nm  approx.  in  diameter. 
This  micro  mound  was  considered  to  have  been  made 
from  the  Au  ions  which  had  been  contained  in  the 
foregoing  solution  and  were  neutralized  by  a  tunnel 

45  current  or  a  field  emission  current  and  deposited. 
Then,  according  to  the  same  process  as  the  forego- 
ing  embodiment  example,  a  needle  like  silicon  fine 
structure  was  realized. 

The  solution  used  in  the  present  embodiment  ex- 
50  ample  can  be  other  Au  containing  solutions  of  a  pre- 

scribed  specification  than  the  aforementioned 
KAu(CN)2  and  also  can  be  different  solutions  contain- 
ing  Ag,  Cu,  Pt,  Pd,  Ni  or  the  like. 
Also,  W,  Au  or  the  like  can  be  used  as  the  tip  in  place 

55  of  Ptlr. 
Besides,  the  present  embodiment  example  was  ef- 
fectively  applied  to  the  case  wherein  other  single  ele- 
ment  semiconductors  or  compound  semiconductors 
than  silicon  were  involved. 

8 
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In  dealing  with  the  foregoing  embodiment  exam- 
ples,  the  conditions  required  of  the  metal  that  com- 
poses  a  micro  mound  formed  on  a  substrate  and  also 
the  substrate  material  are  considered  to  include  the 
following: 
The  aforementioned  metal  should  be  capablle  of  be- 
ing  in  an  eutectic  phase  equilibrium  with  the  substrate 
material  and  the  eutectic  temperature  should  be  lower 
than  the  melting  point  of  any  of  the  foregoing  metal 
and  the  substrate  material. 
Besides,  the  segregation  coefficient  of  the  above 
metal  in  the  micro  crystalline  material,  wherein  said 
metal  is  separated,  should  be  as  small  as  possible  to 
make  it  difficult  for  said  metal  to  be  taken  into  said 
crystalline  material  with  a  resultant  great  contribution 
to  formation  of  the  needle  like  or  wall  like  fine  struc- 
tures. 

On  account  of  the  present  invention's  fabrication 
method,  it  was  made  possible  to  create  readily  a  mi- 
cro  pillar  of  less  than  several  tens  nm  in  diameter  or 
a  micro  wall  of  less  than  several  tens  nm  in  thickness. 
As  described  in  the  foregoing,  the  present  fabrication 
method  makes  it  possible  to  create  fine  structures  of 
any  configurations  at  least  within  a  two-dimensional 
plane  and  consequently  makes  it  possible  to  realize 
a  fine  structured  device  which  has  been  difficult  to 
fabricate  according  to  the  prior  art  fine  structure  fab- 
rication  method  of  applying  a  half  atom  layer  alternat- 
ing  epitaxial  growth  or  a  facet  growth  onto  an  off  ori- 
ented  substrate. 

In  addition,  these  fine  structures  are  made  from 
the  single  crystals  of  excellent  quality  prepared  ac- 
cording  to  the  epitaxial  growth  mechanism. 
When  compared  with  the  prior  art  fine  structures  pre- 
pared  by  means  of  focused  ion  beam  exposure  or  the 
like,  these  fine  structures  have  very  few  of  carrier 
trap  centers,  light  absorption  levels  and  the  like  due 
to  lattice  defects. 
These  fine  structures  as  they  are  or  as  coated  with  a 
specified  material  by  means  of  CVD,  MBE  or  the  like 
for  example  can  effectively  contain  carriers  therein. 

Accordingly,  the  present  fabrication  method  has 
made  it  possible  to  produce  fine  structures  having  few 
carrier  trap  centers  and  light  absorption  levels  and 
also  arbitrary  configurations  at  least  within  a  two-  di- 
mensional  plane,  otherwise  impossible  with  the  prior 
art  fabrication  method  of  fine  structures. 

Claims 

1.  A  fabrication  method  of  fine  structures  compris- 
ing  the  steps  of: 
having  a  sharp  electro-conducting  tip,  which  con- 
tains  a  metal  showing  an  eutectic  phase  equilib- 
rium  with  the  material  of  a  substrate,  placed  close 
to  the  surface  of  said  substrate; 
having  the  element  constituting  said  tip  evaporat- 

ed  from  the  tip  and  deposited  on  the  substrate 
surface  opposite  to  the  tip  by  applying  a  specified 
electric  field  across  said  tip  and  substrate  surface 

5  in  vacuum  or  in  a  vapor  under  a  specified  pres- 
sure: 
then 
having  an  alloy  liquid  drop  region  formed  locally 
at  a  place,  where  said  metal  deposit  is  situated, 

10  by  elevating  the  surface  temperature  of  said  sub- 
strate  to  a  temperature  above  the  eutectic  tem- 
perature  of  said  metal  and  substrate  material  and 
below  any  of  the  melting  points  of  said  metal  and 
substrate  material; 

15  and 
having  a  crystal  separated  on  said  substrate  sur- 
face  locally  at  a  position,  where  said  liquid  drop 
region  is  situated,  by  means  of  a  vapor  phase- 
liquid  phase-solid  phase  reaction. 

20 
2.  A  fabrication  method  of  fine  structures  compris- 

ing  the  steps  of: 
having  at  least  a  metal  separated  locally  on  a  sub- 
strate  surface  by  applying  a  specified  electric 

25  field  across  a  sharp  electro-conducting  tip  held 
close  to  said  substrate  surface  and  said  substrate 
surface  in  a  vapor  having  a  specified  pressure 
and  containing  said  metal  which  is  in  an  eutectic 
phase  equilibrium  with  the  material  of  said  sub- 

30  strate  to  pass  a  tunnel  current  or  a  field  emission 
current; 
having  an  alloy  liquid  drop  region  formed  locally 
at  a  place,  where  said  metal  deposit  is  situated, 
by  elevating  the  surface  temperature  of  said  sub- 

35  strate  to  a  temperature  above  the  eutectic  tem- 
perature  of  said  metal  and  substrate  material  and 
below  any  of  the  melting  points  of  said  metal  and 
substrate  material; 
and 

40  having  a  crystal  separated  on  said  substrate  sur- 
face  locally  at  a  position,  where  said  liquid  drop 
region  is  situated,  by  means  of  a  vapor  phase- 
liquid  phase-solid  phase  reaction. 

45  3.  A  fabrication  method  of  fine  structures  compris- 
ing  the  steps  of: 
having  at  least  a  metal  separated  locally  on  a  sub- 
strate  surface  by  applying  a  specified  electric 
field  across  a  sharp  electro-conducting  tip  held 

so  close  to  said  substrate  surface  and  said  substrate 
surface  in  a  solution  containing  said  metal  that  is 
in  an  eutectic  phase  equilibrium  with  the  material 
of  said  substrate  to  pass  a  tunnel  current,  a  field 
emission  current  or  an  ion  current; 

55  having  an  alloy  liquid  drop  region  formed  locally 
at  a  place,  where  said  metal  deposit  is  situated, 
by  elevating  the  surface  temperature  of  said  sub- 
strate  to  a  temperature  above  the  eutectic  tem- 
perature  of  said  metal  and  substrate  material  and 

9 
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below  any  of  the  melting  points  of  said  metal  and 
substrate  material; 
and 
having  a  crystal  separated  on  said  substrate,  sur-  5 
face  locally  at  a  position,  where  said  liquid  drop 
region  is  situated,  by  means  of  a  vapor  phase- 
liquid  phase-solid  phase  reaction. 

4.  A  fabrication  method  of  fine  structures  according  10 
to  Claim  1  ,  wherein  a  crystal  is  separated  on  a 
substrate  surface  locally  at  a  position,  where  an 
alloy  liquid  drop  region  is  situated,  by  means  of  a 
vapor  phase-liquid  phase-solid  phase  reaction 
comprising  the  steps  of:  15 
having  a  vapor  comprised  of  at  least  one  selected 
from  a  halogenide,  an  organometallic  compound 
and  a  hydride  which  contain  at  least  an  element 
constituting  the  substrate  material  or  a  specified 
element,  exposed  directly  to  the  substrate  sur-  20 
face  under  a  specified  pressure  or  decomposed 
first  by  using  energy  from  heat,  electro-magnetic 
wave  or  the  like  and  then  exposed  to  the  sub- 
strate  surface; 
and  25 
having  the  required  element  dissolved  into  the  al- 
loy  liquid  drop  region. 

first  by  using  energy  from  heat,  electro-magnetic 
wave  or  the  like  and  then  exposed  to  the  sub- 
strate  surface; 
and 
having  the  required  element  dissolved  into  the  al- 
loy  liquid  drop  region. 

7.  Afabrication  method  of  fine  structures  according 
to  Claims  4,  5  or  6,  wherein  the  step  of  having  a 
crystal  separated  locally  on  a  substrate  surface 
at  a  position,  where  an  alloy  liquid  drop  region  is 
situated,  comprises  a  crystal  separation  condi- 
tion  which  requires  the  crystal  growth  speed  of 
the  substrate  surface  at  the  position,  where  said 
alloy  liquid  drop  region  is  situated,  to  be  twice  as 
fast  as  that  of  the  rest  of  the  substrate  surface 
where  said  alloy  liquid  drop  region  is  formed. 

8.  Afabrication  method  of  fine  structures  according 
to  Claim  1,  wherein  the  step  of  having  a  metal 
separated  or  deposited  locally  on  a  substrate  sur- 
face  comprises  formation  of  a  line  like  metal  on 
the  substrate  surface  by  moving  an  electro-con- 
ducting  tip  over  said  substrate  surface  while  said 
metal  is  separated  or  deposited  locally  on  the 
substrate  surface. 

5.  Afabrication  method  of  fine  structures  according 
to  Claim  2,  wherein  a  crystal  is  separated  on  a  30 
substrate  surface  locally  at  a  position,  where  an 
alloy  liquid  drop  region  is  situated,  by  means  of  a 
vapor  phase-liquid  phase-solid  phase  reaction 
comprising  the  steps  of: 
having  a  vapor  comprised  of  at  least  one  selected  35 
from  a  halogenide,  an  organometallic  compound 
and  a  hydride  which  contain  at  least  an  element 
constituting  the  substrate  material  or  a  specified 
element,  exposed  directly  to  the  substrate  sur- 
face  under  a  specified  pressure  or  decomposed  40 
first  by  using  energy  from  heat,  electro-magnetic 
wave  or  the  like  and  then  exposed  to  the  sub- 
strate  surface; 
and 
having  the  required  element  dissolved  into  the  al-  45 
loy  liquid  drop  region. 

6.  Afabrication  method  of  fine  structures  according 
to  Claim  3,  wherein  a  crystal  is  separated  on  a 
substrate  surface  locally  at  a  position,  where  an  50 
alloy  liquid  drop  region  is  situated,  by  means  of  a 
vapor  phase-liquid  phase-solid  phase  reaction 
comprising  the  steps  of: 
having  a  vapor  comprised  of  at  least  one  selected 
from  a  halogenide,  an  organometallic  compound  55 
and  a  hydride  which  contain  at  least  an  element 
constituting  the  substrate  material  or  a  specified 
element,  exposed  directly  to  the  substrate  sur- 
face  under  a  specified  pressure  or  decomposed 

9.  Afabrication  method  of  fine  structures  according 
to  Claim  2,  wherein  the  step  of  having  a  metal 
separated  or  deposited  locally  on  a  substrate  sur- 
face  comprises  formation  of  a  line  like  metal  on 
the  substrate  surface  by  moving  an  electro-con- 
ducting  tip  over  said  substrate  surface  while  said 
metal  is  separated  or  deposited  locally  on  the 
substrate  surface. 

10.  Afabrication  method  of  fine  structures  according 
to  Claim  3,  wherein  the  step  of  having  a  metal 
separated  or  deposited  locally  on  a  substrate  sur- 
face  comprises  formation  of  a  line  like  metal  on 
the  substrate  surface  by  moving  an  electro-con- 
ducting  tip  over  said  substrate  surface  while  said 
metal  is  separated  or  deposited  locally  on  the 
substrate  surface. 

11.  Afabrication  method  of  fine  structures  according 
to  Claims  4,  5,  6,  8,  9  or  10,  wherein  the  step  of 
having  a  crystal  separated  locally  on  a  substrate 
surface  at  the  place,  where  a  liquid  drop  region 
is  situated,  comprises  the  step  of  changing  the 
kind  or  the  mixing  ratio  of  the  vapor  serving  as 
the  supply  source  of  the  element  constituting  the 
crystal  to  be  separated  as  time  elapses. 

12.  Afabrication  method  of  fine  structures  according 
to  Claims  1  ,  2,  3,  4,  5,  6,  8,  9  or  1  0,  wherein  after 
a  crystal  was  separated  locally  on  a  substrate 
surface  at  a  place,  where  an  alloy  liquid  drop  re- 

10 
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gion  was  situated,  a  specified  crystal  is  to  be 
grown  at  least  on  the  rest  of  the  substrate  surface 
where  said  alloy  liquid  drop  region  was  not  situ- 
ated.  5 

13.  Afabrication  method  of  fine  structures  according 
to  Claims  1,  2,  3,  4,  5,  6,  8,  9  or  10,  wherein  the 
metal  constituting  an  alloy  liquid  drop  region  is  at 
least  one  selected  from  Au,  Ag,  Cu,  Pt,  Pd,  Ni,  Ir,  10 
Rh,  Co,  Os,  Ru,  Fe,  Hg,  Cd  and  Zn. 

14.  Afabrication  method  of  fine  structures  according 
to  Claims  1,  2,  3,  4,  5,  6,  8,  9  or  10,  wherein  the 
metal  constituting  an  alloy  liquid  drop  region  has  15 
the  segregation  coefficient  not  exceeding  1  in  the 
crystal  separation  material. 

15.  Afabrication  method  of  fine  structures  according 
to  Claims  1,  2,  3,  4,  5,  6,  8,  9  or  10,  wherein  the  20 
separated  crystal  is  made  from  either  a  single 
element  semiconductor  or  a  compound  semicon- 
ductor. 

16.  Afabrication  method  of  fine  structures  according  25 
to  Claims  1,  2,  3,  4,  5,  6,  8,  9  or  10,  wherein  the 
substrate  is  made  from  either  a  single  element 
semiconductor  or  a  compound  semiconductor. 

17.  Afabrication  method  of  fine  structures  according  30 
to  Claims  1,  2,  3,  4,  5,  6,  8,  9  or  10,  wherein  at 
least  the  substrate  surface  situated  under  an  al- 
loy  liquid  drop  region  is  made  from  a  single  crys- 
tal. 

35 
18.  Afabrication  method  of  fine  structures  according 

to  Claims  1  ,  2,  3,  4,  5,  6,  8,  9  or  1  0,  wherein  a  crys- 
talline  orientation  of  the  substrate  is  selected  so 
as  to  make  the  angle  between  said  substrate  sur- 
face  and  a  crystal  grown  at  a  specified  place  dif-  40 
ferent  from  90°. 

45 
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